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FOREWORD 

The  50th  Annual  Convention  of  the  National  Sand  and  Gravel  Associa¬ 
tion  (NSGA)  and  the  36th  Annual  Convention  of  the  National  Ready  Mixed 
Concrete  Association  (NRMCA)  were  held  in,  Chicago,  Illinois,  6-10  February 
19 bfc>.  A  total  of  17,500  persons  were  in  attendance. 

This  paper  was  prepared  for  and  presented  at  a  joint  engineering 
session  of  the  two  associations  on  10  February.  It  was  submitted  to  the 
Office,  Chief  of  Engineers  and  approved  for  presentation  and  publication. 
It  will  be  reproduced  and  distributed  by  the  NSGA  and  NRMCA  to  their 
members.  The  paper  was  prepared  under  the  direction  of  Mr.  Thomas  B. 
Kennedy,  Chief,  Concrete  Division. 

Colonel  John  R.  Oswalt,  Jr.,  CE,  was  Director  of  the  Waterwuys 
Experiment  Station  during  the  preparation  of  this  paper.  Mr.  J.  B, 

Tiffany  was  Technical  Director. 
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On  a  previous  occasion  I  had  the  honor  of  addressing  a  joint  session  of 
■  a  Annual  Convention  of  the  National  Sand  and  Gravel  Association  and  the 
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-dona!  Heady  Mrxed  Concrete  Association.  At  that  time,  in  New  Orleans  in 
my  to^ic  was  "The  Mineralogical  Properties  of  Aggregates  and  Their 
Significance."  In  the  remarks  I  made  then,  I  suggested  that  every  person 
a  . icted  with  either  of  your  associations  is  necessarily  a  petrographer , 

al.  cf  you  write  about  rocks.  I  also  suggested  that  it  was  advantageou 
-u  ..  ach  of  you  to  know  whan  rocks  and  minerals  make  up  the  aggregates  you 
•,  r .  .oss,  a*  11,  and  use  but  chat  you  should  not  expect  that  mere  knowledge 

s.  c.-.eir  names  will  solve  all  the  problems  you  encounter  with  these  various 
^'/ticles  ..r  rocks  and  minerals. 

Today  the  subject  of  my  remarks  is  "Concrete  Deterioration,"  and  par- 
......  ..arly  deteriorate.: a  of  concrete  in  service  that  is  caused  by  forces  other 

t. -.ar.  ext*  nallv  applie*.  loads.  This  is  a  part  of  the  problems  that  you  en- 

ter  the  uso  of  the  rocks  and  mineral  particles  that  comprise  concrete 
aggregates --and  it  also  includes  problems  not  related  to  aggregates.  By  an 
interest,  g  coincidence,  I  am  also  scheduled  to  participate  next  month  at  the 


ACT  Convention  in  Philadelphia  in  the  Symposium  on  Cracking  01  Concrete .  tor 
.  .ch  the  subject  c'.rc  has  been  assigned  to  me  is  "Cracking  Induced  Bv 


par  .  at  the  request  of  Mr.  Delmar  L.  Bloem,  Director  of  I.n.-.ir.cor ing, 
..res.  .ration  at  the  Joint  Engineering  Session  of  the  Annual  C -r.vei.t iota 
;e  N.  _onal  San  and  Gravel  Association  and  the  National  Ko.«..v-Mixed 
/ .  v-*T C;  tl O  .  o  OC  C  1a  ,  Chicago,  Illinois,  10  February  1960. 

'  ..ear.  Civil  Engineer,  Concrete  Division,  Waterways  — r^m.-i.t  Station. 
^  o.  .gineers ,  U.  S.  Army,  Jackson,  Mississippi. 


.uivironmenral  Efiicts."  There  is  a  sense  in  which  my  remarks  here  today 

arc  chapter  i  and  those  I  will  make  in  Philadelphia  are  chapter  2  of  a 

continued  story.  I  hope  that  most  of  you  will  be  at  the  ACI  meeting,  for 

reasons  other  than  hearing  chapter  2  of  my  story,  and,  more  importantly, 

I  hope  tnat  what  I  say  today  will  not  keep  any  of  you  away  from  Philadelphia. 

There  xs  no  variety  of  concrete,  nor  indeed  any  other  substance,  either 

natural  or  m^n-made,  that  is  unchanging  or  everlasting.  In  the  real  world 

all  substances  alter  with  time  and  exposure,  no  matter  how  mild  the  exposure 

...ay  be.  The  only  approach  to  effective  freedom  from  change  over  time  for 

xals  iu  to  select  the  most  inert  available  materials,  such  as  pure  gold 

ct  pare  platinum,  and  store  them  at  constant  temperature  in  a  vacuum.  Thus, 

£.vr  a  su:  .tance  such  as  concrete,  when  one  talks  of  freedom  from  deteriora- 

,  one  necessarily  talks  not  in  an  absolute  sense  but  in  a  relative  sense. 

spostfica-ly ,  xt  is  not  necessary  to  avoid  all  change  however  minor  for  an 
it 

ir..;..aite  t_me,  but/is  only  necessary  to  avoid  changes  of  a  nature  and  degree 
Sc  to  Impair  the  ability  of  the  concrete  properly  to  serve  its  intended 
purpose  for  a  period  of  time  appropriate  to  the  intended  service  life  of  the 
structure  <,2  which  it  is  a  part. 

It  is  chus  suggested  immediately  that  different  structures  have  differen 
intended  service  lives--in  military  operations  the  service  life  may  be  days 
or  weeks;  structures  at  a  World's  Fair  may  need  to  remain  serviceable  for  two 
or  three  yc„rs;  a  dam  or  a  sea  wall  may,  in  some  cases,  be  expected  to  endure 
■U..V.X. finitely.  It  is  also  immediately  suggested  that  changes  that  impair  the 
.  .  .ity  of  concrete  in  one  structure  to  serve  its  intended  purpose  would  not 
-  cssarily  Impair  that  in  another  structure  tc  such  a  degree.  Surface  defec 
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produced  by  changes  after  construction  on  a  surface  with  regard  to  wnich 
there  was  -..o  requirement  for  smoothness  or  aesthetic  quality  during  con¬ 
struction  may  be  of  no  concern;  similar  defects  on  an  architectural  concrete 
facade  may  render  it  unserviceable  unless  repaired.  Cracks  in  a  paved  path 
in  c.  park  may  actually  add  a  desired  rustic  of fect--similar  cracks  in  a  tank 
might  render  the  tank  useless. 

I  assume,  therefore,  that  we  can  agree  that:  (a)  neither  complete  absence 
of  change  nor  infinite  durability  are  desired  of  concrete  in  service,  and 
(b)  differing  requirements  for  allowable  degrees  of  change  over  differing 
periods  of  needed  service  free  of  excessive  change  are  applicable  to  con¬ 
cretes  ir.  differing  structures.  From  this  it  follows  that,  if  it  were  more 
costly  to  produce  concrete  with  confidence  that  it  would  serve  with  lesser 
o*i cage  or  for  a  longer  period  before  manifesting  a  given  degree  of  change,  it 
voc_d  also  follow  that  the  requirements  for  concrete--concrete  materials  and 
ce  crete  construction  practices --should  vary  widely.  More  restrictive  pro¬ 
visions  should  be  invoked  the  lesser  the  allowable  changes  or  the  longer  the 
required  period  of  freedom  from  a  given  degree  of  change--or  both.  Only  if 
concrete  war-,.-  a  material  that  was  always  and  inevitably  the  same--as  is  pure 
geld--thcn  there  would  be  no  reason  to  raise  any  such  questions.  The  only 
questions  that  would  bo  appropriate  under  these  conditions  would  be:  (1)  VJili 
gold  serve  the  purpose?  and  (2)  Is  it  the  most  economical  available  material? 

If  both  questions  are  answered  yes--use  gold;  if  not,  don't. 

But,  as  v,e  all  know,  concrete  is  not  a  single  uniform  material  that  always 
and  inevrtably  possesses  the  same  properties  and  undergoes  identical  charges 
ac  .dentical  rates  in  a  0iven  environment .  Thus  it  is  appropriate  to  consider 
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different  concretes  for  different  required  degrees  of  freedom  from  change 
and  different  periods  of  service  without  such  specified  degree  of  change. 

There  is  the  additional  factor,  which  for  our  purpose  is  perhaps  the 
major  complicating  factor,  namely,  the  difference  in  the  environment  from 
place  to  place  where  concrete  must  manifest  the  desired  freedom  from  change 
for  the  desired  period  of  time.  For  our  purposes  I  will  include  under  the 
.iOacing  of  the  environment,  as  it  affects  the  ability  of  a  concrete  to  serve 
-cs  intended  purpose  satisfactorily ,  not  only  those  obvious  environmental 
.actors  such  as  weather  or  climate  that  affect  temperature  extremes  and  rate 
of  temperature  change,  freezing  and  thawing,  watting  and  drying,  but  also 
factors  &ueh  as  attach  on  concrete  by  natural  or  man  made  agents  or  agencies 
both  chemical  and  physical,  including  acids,  salts,  sulfates,  air-borne 
cor.:  jsi\  -  0..„es ,  termites,  marine  borers,  and  so  on,  that  can  induce  undesir¬ 
able  cha.  geo. 

At  this  point  I  hope  I  have  suggested,  in  a  more  or  less  logical  and 
o  -v.rly  manner,  a  conclusion  that  everyooay  knows  already  and  which  can  be 
stated  ir.  -..any  different  ways,  some  of  which  are  as  follows: 

a.  No  two  concretes  are  alike,  indeed  no  two  points  in  a  given 
concrete  are  alike. 

b.  No  two  structures  have  precisely  identical  requirements  for  the 
concrete  .f  which  they  should  be  composed j  indeed  no  two  points  in  a  given 
..cructure  have  the  same  requirements,  since  the  environment  will  not  be 
precisely  the  same  at  two  different  points, 

c.  No  one  concrete  should  be  expected  to  behave  uxactly  the  same  \, 


in  two  did 'elect  places,  or  even  at  two  different  points  in  the  same  structe 


k 


Since  ic  is  my  intention  and  my  desire  in  making  these  remarks  to  be 
useful,  and  practical,  rather  than  confusing  or  impractical;  now  that  I 
have  indicated  the  complexity  of  the  situation  with  which  concrete,  and 
those  who  make  it  and  those  who  design,  build,  and  use  structures  composed 
wholly  or  in  part  of  it,  are  confronted;  X  will  try  to  suggest  how  these 
complexities  can  be  dealt  with  and  their  potentially  undesirable  consequences 
car  be  avoided. 

There  are  only  two  ways  in  which  it  can  develop  that  the  concrete  at 
a  paint  an  a  structure  has  failed  to  maintain  a  satisfactory  degree  of  freedom 
from  change  for  a  satisfactory  period  of  time:  either  (a)  the  specifications 
and.. r  which  it  was  built  were  not  complied  with  or  (b)  the  specifications 
defective  in  failing  to  include  one  or  more  requirements  that  should 
h-vo  Dear,  intruded. 

Failure  to  comply  with  the  requirements  of  specifications  is  breach 
of  contract,  ar.d  remedial  action  following  such  failure  should  be  taken  by 
those  cc. earned  with  legal  and  fiscal  matters.  The  tendency  for  such 
“ailure  to  occur,  however,  is  greatly  increased  by  the  inclusion  in  speci- 
caticrs  of  ambiguous,  redundant,  unnecessary,  impractical,  or  impossible 
provisions.  Ideally  the  contractor  should  obtain  appropriate  positive  official 
olarificacio'  o-  all  ambiguities  and  removal  of  all  redundant,  unnecessary, 
and  imp os si  *e  provisions  before  he  is  confronted  with  the  point  in  the  work 
to  which  they  apply.  In  practice,  too  often,  this  is  not  done,  and  such 
provisions  ~re  merely  ignored.  On  such  a  job  the  likelihood  is  that  some 
other  prov  Por.,  one  which  must  be  complied  with  if  tht  intended  service  is 
to  be  obta~.  d,  will  also  be  ignored  through  failure  to  appreciate  its 
-  ignificanc*. . 
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Failure  of  the  specifications  to  include  all  of  the  requirements  that 
iv.v.st  be  r..at,  if  the  concrete  is  to  give  the  desired  service,  results  either 
fro;::  lac*  of  knowledge  concerning  vhat  should  be  required  or  from  failure 
to  use  properly  the  available  knowledge.  It  has  recently  been  stated^ 
that  "if  half  the  available  knowledge  on  concrete  was  put  into  practice, 

55  percent  of  the  problems  would  evaporate,"  Lack  of  knowledge  results  from 
tut  failure  of  research  to  have  been  carried  out  to  produce  the  needed  knowl- 

Th*s,  in  turn,  results  primarily  from  failure  of  government  and  industry 
t.’.rnacer  to  support  the  research  that  needs  to  be  done.  Lack  of  knowledge, 
CatvCially  in  the  field  of  construction  practice,  is  also  significantly  con¬ 
tributed  to  by  failure  of  those  having  such  knowledge  to  record  and  publish 
it.  Knc -lodge  that  has  not  been  disseminated  through  publication  is  knowledge 
tret,  is  unavailable  for  use  by  others. 

Fail-re  to  uc.a  available  knowledge  results  from  failure  of  specification 
wr — a rs  to  read,  understand,  and  apply  the  information  and  conclusions  given 
in  the  literature  that  is  available.  This  failure  is  contributed  to,  at 
laart  to  seme  extent,  by  the  failure  of  some  writers  to  include  with  the 
report  of  their  find_ngs  the  sort  of  discussion  and  interpretion  of  these 
findings  chat  will  facilitate  the  application  of  the  findings  to  specifica¬ 
tion  requirements . 

We  may  tnen  conclude  that,  while  there  are  an  infinite  number  of  varieties 
of  concrete  and  an  -r.finite  range  of  requirements  that  concrete  must  meet, 
the  concrete  in  — -y  given  point  in  a  structure  will  remain  satisfactorily 
e  from  deterioration  if  the  specifications  include  the  necessary  require - 
...onts  and  arc  co-plied  with.  I  have  also  suggested  that  greater  assurance 
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cor.'.plic.r.Cvi  v/^-h  necessary  requirements  or  specifications  will  be  promoted 
by  exclusion  from  specifications  of  ambiguity  and  unnecessary,  redundant, 
and  impossible  requirements. 

At  this  point  the  question  might  properly  be  asked:  Mow  many  variations 
on  a  concrete  specification  must  a  specification  writer  have  available  to 
saiect  among  in  order  to  have  any  chance  of  matching  the  right  one  to  any 
particular  job?  Indeed,  it  might  be  asked  if  I  am  advocating  an  infinite 
number  of  variations  of  concrete  specifications!  My  answer  is  ^s,  I  am 
advocating  an  infinite  number  of  different  concrete  specifications!  But 
1  nasten  to  add,  as  i  hope  now  to  explain,  that  I  do  not  propose  to  try  to 
over -hr on  present  practices  today  or  even  tomorrow.  What  I  suggest  is  that 
the  time  will  come,  and  I  believe  '.ooner  than  most  of  us  think,  when  specifi¬ 
cations  will  be  assembled  by  computers.  One  will  feed  into  the  computer  a 
1  d da  range  of  information  concerning  all  the  factors  I  have  mentioned,  in¬ 
cluding  the  desired  service  life  of  the  structure  or  the  element  of  the 
structure,  the  kinds  and  amounts  of  changes  that  can  be  tolerated  during 
the  service  iuo;  the  nature  of  the  climate  and  the  weather;  the  characteristics 
of  the  site;  the  nature  and  severity  of  all  other  relevant  agents  and  agencies 
whose  attack  must  be  resisted  and  to  what  degree;  a  variety  of  structural 
dace,  including  thinness  or  thickness,  orientation,  degree  of  restraint, 
thickness  of  cover  over  steel,  ability  to  drain,  and  so  on;  a  wide  variety 
of  data  derived  from  tests  of  locally  and  economically  available  materials  and 
mixtures;  and,  if  necessary,  otaer  data  from  tests  of  more  exotic,  less  econo ai- 

rn&ter _ — .  .,nd  mixtures;  «nd  finally  data  on  construction  systems,  methods, 

_ — otic. _ ,  and  ..cheduies.  Ir.  sais  manner  the  truly  infinite  number  of 

..-a..rna-..  ....  o.  ..oorr.iag  comb  factions  of  materials  and  methods  can  be  compared 
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with  the  equally  truly  infinite  number  of  alternatives  regarding  the  service 
requirements  for  the  concrete  and  the  environment  in  which  these  requirements 
must  be  met  so  that  the  one  solution  that  is  most  economical  can  be  selected, 
indicated,  and  specified.  Thus  1  am  suggesting  that  the  concrete  specifier 
should  have,  in  effect,  an  infinite  number  of  alternative  specifications  but 
that  only  the  bust  one  will  actually  ever  need  to  be  assembled  for  any  given 
job. 


If  we  were  today  ready  to  approach  the  question  of  preventing  undesir¬ 
able  deterioration  of  concrete  by  the  process  outlined  above,  by  specifying 
only  those  things  that  need  to  be  required,  all  of  them,  and  no  more,  we 
would ,  of  course,  avoid  the  troubles  that  confront  us  when  concrete  manifests 
more  deterioration  than  anticipated  during  its  specified  service  life.  But, 
i.'  we  assume  we  must  continue  for  a  time  under  procedures  of  the  sort  to  which 
we  are  now  accuse erne d,  what  improvements  can  we  make?  I  suggest  that  the 
surest  guide  to  success  today  is  simply  to  learn  from  experience,  preferably 
the  unhappy  experience  of  somebody  else.  The  principal  reason  why  the  Corps 
of  Engineers  has  had  no  significant  trouble  with  excessive  expansion  of 
concrete  due  to  alkali-silica  reaction  in  its  flood  control  and  navigation 
structures  in  the  West  is  that,  as  soon  as  the  experience  with  such  expansion 
by  the  U.  3.  Bureau  of  Reclamation  and  the  California  Division  of  Highways 
was  reported,  the  investigational  program  of  the  Corps  of  Engineers  on  the 
cc/.crete  for  Civil  Works  activities  was  immediately  enlarged  to  develop  data 
and  reconvn.  neat  ions  on  how  to  determine  when  the  danger  of  such  deterioration 

e:. _ tad  and  what  requirements  should  be  imposed  to  prevent  its  occurrence. 

Such  dec  ..inations  have  been  routinely  made  for  many  years,  and  when  it  is 
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determined  that  specific  requirements  should  be  included  in  specifications 
to  provide  assurance  that  deterioration  from  this  cause  will  be  avoided, 
such  requirements  are  included  and  are  enforced. 

The  effect  of  freezing  and  thawing  in  producing  deterioration  of  con¬ 
crete  was  perhaps  the  first  factor  that  was  recognized  by  those  sent  by  the 
Corps  of  Engineers  to  make  preliminary  plans  in  1925  to  construct  a  tidal 
power  project  near  Eastport,  Maine.  They  saw  the  deterioration  that  had 
affected  other  people's  concrete  in  the  area,  and  they  concluded  that  a 
concerts a  effort  would  be  needed  if  the  Corps  ware  to  build  a  major  structure 
there  that  would  manifest  no-  greater  changes  due  to  frost  action  than  could 
be  tolerated  over  its  desired  service  life.  Their  conclusion  has  been 
Vindicated  in  two  ways,  even  though  the  tidal  power  project  has  not  been 
built.  Tne  studies  started  there  then  have,  yielded,  and  are  still  yielding, 
both  general  and  specific  answers  on  how  to  specify  concrete  that  will  with¬ 
stand  freezing  and  thawing.  Experience  has  shown  that  natural  weathering  at 
the  mean  tide  level  there  is  as  severe  a  natural  freezing-and-thawing  exposure 
as  has  bear,  reported  anywhere  in  the  world.  Much  of  the  information  upon 
which  the  decision  of  the  Corps  of  Engineers  to  require  that  all  concrete  in 
its  Civil  Works  Program  that  might  be  exposed  to  frost  action  be  air  entrained, 
and  to  do  so  in  advance  of  similar  decisions  by  any  other  major  r. -.ecifying 
agency,  was  derived  from  tests  conducted  there,  based  ultimately  on  observing 
deterioration  due  to  freezing  and  thawing  of  other  people's  concrete. 

All  concrete  changes  with  the  passage  of  time.  Concrete  deterioration 
not  a  matter  of  concern  unless  the  changes  that  are  described  as  "det  anora- 
aion"  are  v.nanges  of  a  greater  degree  or  a  different  type  than  were  anticipated 
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\.1  expected  end  therefore  would  have  been  tolerated  in  the  time  during 

I 

. _ch  the  concrete  had  been  in  service.  Changes  of  undesirable  types  or 
_t  v.n  undesirable  degree  can  be  prevented  by  including  in  the  construction 
pacifications  those  provisions  which,  if  complied  with,  will  cause  the 
_o..s.rete  satisfactorily  tc  resist  the  forces  of  change  to  an  adequate  degree 
tet  an  appropriate  period  of  time;  and  by  insuring  that  these  provisions  .-.re 
complied  with.  The  best  way,  today,  to  insure  that  the  specifications  for 
ar.y  given  concrete  contain  the  necessary  provisions  is  to  appreciate  the 
....twors  that  have  been  responsible  for  previous  deterioration  of  other  people's 
cc., cretc  c.nd  to  inuiwdw  provisions  in  your  specification  that  will  preclude 
deterioration  for  that  cause  in  your  concrete.  Ultimately,  as  more  prec„. .  e 
rv.v.r.citacive  knowledge  of  the  relationship  of  concrete  properties  and  proper¬ 
ties.  of  tr.a  environment  becomes  available,  precise  specifications  can  be 
aut-mblee  that  properly  match  service  conditions  and  concrete  properties  tc 
provide  the  most  economical  concrete  that  can  be  guaranteed  to  give  the  retired 
*.'uwdom  from  deterioration  in  the  service  environment . 
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